Molecular charactefization of a total of 52 human isolates of Salmonella Qphi from Papua New Guinea was performed by using pulsed-field gel electrophoresis (PFGE) after digestion of chromosomal DNA with three restriction endonuclease s, XbaI (5' -TC'|AGA-3' ), AvrII (5'-CCTAGG-3'), and SpeI (5'-ACTAGT-3'). Of the 52 isolates tested, 11 were obtained from patients with fatal typhoid fever and 41 were obtained from patients with nonfatal disease. The 52 isolates showed limited genetic diversity as evidenced by only three different PFGE patterns detected following digestion with Xbal (patterns X1 to X3; .F [coefrcient of similarity] = 0.86 to 1.0), four patterns detected following digestion with Avrll (patterns Al to A4; F = 0.78 to 1.0), and two patterns detected following digestion with SpeI (patterns 51 and 52; F = 0.97 to 1.0). Ofthe 52 isolates, 37 were phage typed, and all belonged to phage type D2. All 11 isolates obtained from patients with fatal typhoid fever were identical (F = 1.0) and possessed the PFGE pattern combination XIS1A1, whereas the 41 isolates from patients with nonfatal typhoid fever had various PFGE pattern combinations, the most common being X2S1A2 (397o), XlSlAl (24Vo), and X1S1A2 (157o). Thus, all the isolates from patients with the fatal disease had the Xl and Al patterns, whereas the majority of the isolates from patients with nonfatal typhoid fever possessed the X2 and A2 patterns. The data suggest that there is an association among strains of S. typhi between genotype, as assessed by PFGE patterns, and the capability to cause fatal illness. Analysis of blood and fecal isolates of S. typhi from the same patient also indicated that some genetic changes occur in vivo during the course of infection.
In many parts of the developing world, typhoid fever continues to present an important public health challenge, with 16.6 million cases and 600,000 deaths reported annually (13). With regards to its clinical manifestations, it has been reported previously that these can differ markedly in diferent parts of the world where typhoid fever is endemic. In South America and parts of Southeast Asia (e.g., Malaysia and Thailand), typhoid fever manifests as a relatively mild illness with low fatality rates and minimal neurologic complications. In contrast, in sub-Saharan Africa and Indonesia, severe, and often, fatal disease is frequently seen with higher mortality and is often accompanied by neurologic involvement such as delirium and coma. The reasons for these differences in disease severity are not known but may be related to differences in health care facilities, host immune responses, genetic factors, and also perhaps to differences in strains of Salmonella typhi circulating in areas of endemicity. Few studies have been performed to determine if variations in clinical oresentation are related to strain differences. Previous studiei have, in fact, shown little correlation between strain characteristics and disease severity (6, 8) . This is perhaps not surprising, given the small number of strains studied and the well-known observation that S. ryphi represents a single clone that has shown minimal intraspecies divergence in different parts of the world (14, 16). More recently, studies with newly developed molecular techniques such as pulsed-field gel electrophoresis (PFGE) and ribotyping suggest that the extent of genetic diversity among strains of S. typhi is actually greater than previously thought (I,12,20,21) and, more importantly, that the genome of S. typhi has undergone major rearrangements (9). It would thus seem appropriate to apply these more discriminative methods in reinvestigating a possible correlation between disease severity and strain diferences. In this report, we used PFGE to compare the molecular characteristics of S. typhi isolated from Papua New Guinea from patients with fatal and nonfatal typhoid fever and from different body sites in the same patient.
Human isolates of S. typhi recovered from either blood or feces (rectal swab) were used in this study. The organisms were isolated, maintained, and identified by standard methods (3). A total of 52 isolates were obtained from 33 patients from among sporadic cases of typhoid fever in the Eastern Highlands Province of Papua New Guinea between February 1992 and April f994. Ot the 33 patients, 19 were males and 14 were females; they ranged in age from 1 to 50years. Vi phage typing of the isolates was performed according to standard procedures by the Salmonella Reference Centre at the Institute for Medical Research, Kuala Lumpur, Malaysia. Repeated subculturing of isolates was avoided, and stocks of the primary isolates were maintained at -70'C. All, S. typhi isolates tested were susceptible to ampicillin, amikacin, chloramphenicol, kanamycin, carbenicillin, cephalothin, cefamandole, gentamicin, neomycin, tetracycline, trimethoprim, streptomycin, spectinomycin, sulfonamides, nitrofurans, and nalidiric acid as determined by standard disk diffusion procedures to measure resistance according to National Committee for Clinical Laboratory Standards guidelines. None of the isolates studied contained any plasmids, as determined by a standard alkaline lysis
